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Abstract
The role of the perceptual organization of the visual display on eye movement control was examined in two experiments using a task
where a two-saccade sequence was directed toward either a single elongated object or three separate shorter objects. In the Wrst experi-
ment, we examined the consequences for the second saccade of a small displacement of the whole display during the Wrst saccade. We
found that between-object saccades compensated for the displacement to aim for a target position on the new object whereas within-
object saccades did not show compensation but were coded as a Wxed motor vector applied irrespective of wherever the preceding saccade
landed. In the second experiment, we extended the paradigm to examine saccades performed in diVerent directions. The results suggest
that the within-object and between-object saccade distinction is an essential feature of saccadic planning.
© 2006 Elsevier Ltd. All rights reserved.
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During visual exploration, observers execute rapid eye
movements called saccades to shift gaze to objects of inter-
est. Visual information about the object location is initially
available in retinal coordinates and must be transformed
into motor commands through a series of operations
known as sensorimotor transformations. For a single eye
movement, retinal coordinates might seem suYcient to pro-
vide accurate guidance as the saccadic motor vector can be
directly computed from the eccentricity between the actual
eye position and the target retinal location. However, many
real-life tasks, such as reading, scanning a visual scene, or
searching in the environment, require more than one sac-
cade and it is well known now that a sequence of saccades
can be programmed in parallel by the saccadic system
* Corresponding author. Tel.: +33 1 55 20 54 07; fax: +33 1 55 20 58 54.
E-mail address: dorine.vergilino-perez@univ-paris5.fr (D. Vergilino-
Perez).0042-6989/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.visres.2005.11.034(Becker & Jürgens, 1979; Caspi, Beutter, & Eckstein, 2004;
Findlay, Brown, & Gilchrist, 2001; InhoV, 1986; McPeek,
Skavenski, & Nakayama, 2000; Morrison, 1984; Vergilino
& Beauvillain, 2000; Zingale & Kowler, 1987). This raises
the question of how the brain encodes the sequence of
several saccades.
The double step paradigm has been use for decades to
examine this question. In this task, the observers have to
execute two saccades toward two targets Xashed brieXy and
sequentially during the Wxation of an initial point (Becker
& Jürgens, 1979). As the Wrst saccade causes the motor vec-
tor for the second saccade to be diVerent from the initial
retinotopic vector of the second target, the second saccade
calculation must rely on extraretinal information to take
account of the consequences of the Wrst saccade. Several
proposals have been made as to how this might occur. The
accuracy of the second saccade directed toward the remem-
bered location of the second saccade has been taken as an
argument for the existence of a head-centred reference
frame involved in the planning of the second saccade
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Viviani & Velay, 1987). In such a representation, informa-
tion about the initial retinal location of the second target is
combined with information about the eye position in the
orbit in order to form a representation of an absolute spa-
tial location centred on the head. This representation is
used to compute the motor vector of the second saccade
(Robinson, 1975; Xing & Andersen, 2000). Alternatively, a
retina-centred representation may be involved in which the
second target retinal image encoded before the Wrst saccade
is updated by subtracting the Wrst saccade vector from this
target’s retinal image (Droulez & Berthoz, 1991; Duhamel,
Colby, & Goldberg, 1992; Goldberg & Bruce, 1990).
Finally, the second saccade might be coded in an oculo-
centric coordinate system in which the amplitude and the
direction of the motor vector of the second saccade is
computed before the execution of the Wrst saccade and sim-
ply applied without any updating after the Wrst saccade.
Evidence supporting such oculo-centric coding came from
a study performed by Ditterich, Eggert, and Straube (1998)
in which they asked their subjects to execute up to Wve
memory-guided saccades toward memorized locations.
Examining the propagation of errors on successive landing
positions allowed them to demonstrate the occurrence of a
group of three preprogrammed saccades at the end of the
sequence that were executed with Wxed amplitude without
any updating relative to the landing position of the preced-
ing saccade. They conclude in favour of the existence of a
motor memory with a limited capacity of three saccades
but argue for a minor role of this mode of saccade execu-
tion in saccadic behaviour, the updating of the saccadic
motor plans being the normal mode of operation.
However, recent studies suggest that the form of coding of
saccades can also depend on task demands. In a series of
experiments, Vergilino-Perez and colleagues asked their sub-
jects to execute a sequence of saccades either toward two
short words or toward a single long word. This resulted in
the second saccade being, respectively, directed either to a
diVerent (new) word or to a diVerent location within the
same word (Beauvillain, Vergilino-Perez, & Dukic, 2005;
Vergilino & Beauvillain, 2001). By examining the relationship
between the Wrst and the second saccade landing position,
they demonstrated that the coding of the second saccade
depends on the action performed on the words. The second
saccade directed to a diVerent word showed compensation
for the landing position of the Wrst saccade, showing updat-
ing after the Wrst saccade in order to aim for a target location
on the second word. On the other hand, the second saccade
directed within the long word did not show such compensa-
tion. These within-word saccades appeared to be coded as a
Wxed magnitude motor vector applied irrespective of the ini-
tial landing position on the word and preplanned before the
Wrst saccade on the basis of the word length (Vergilino
& Beauvillain, 2000). Such a result suggests the use of an
oculo-centric coding of the within-word saccade.
The goal of the present study is to test the generality of
this Wnding and to examine whether the control of saccadesis sensitive to the perceptual organization of the visual
scene. We wished to extend the results found with isolated
words to other kind of objects in order to examine whether
the spatial information relevant to the saccade can be rep-
resented in multiple reference frames depending on the task
demands. We used a paradigm in which a sequence of sac-
cades was elicited either toward a single extended object or
toward a conWguration deWned by the spatial grouping of
three individual units which had a similar overall shape.
We addressed the issue of spatial reference frame coding
in two ways. The Wrst was the one introduced by Ditterich
et al. (1998) described above in which the regression func-
tion showing the relationship between second saccade land-
ing position and Wrst saccade landing position was
examined. If the second saccade aims for a precise target
location on the object, it should compensate for the error
introduced on the Wrst saccade landing position. A total
compensation would give a slope of 0 for the regression
function, i.e., second saccade landing position would be
unaVected by the Wrst saccade landing position error. If the
second saccade is coded as a Wxed magnitude motor vector
applied irrespective of the Wrst saccade’s landing position a
slope of 1 for the regression function would be expected.
Intermediate possibilities between these extremes also
occur. For example, the second saccade might not target a
precise Wxed location but be directed towards the centre of
gravity of the remaining stimulation beyond the Wrst land-
ing position. In this case, the expected slope of the regres-
sion function would be 0.5.
The second approach used the eye movement contingent
change procedure in a similar way to Beauvillain, Vergilino,
and Dukic (2000). In this procedure, the display is displaced
during the execution of the Wrst saccade. For small to mod-
erate size displacements, participants are unaware of the
occurrence of the displacement, although it is registered by
the brain and implements important calibration and adap-
tation functions (Deubel, Schneider, & Bridgeman, 1998;
Noto & Robinson, 2001). The logic of this procedure is that
if the second saccade is programmed taking into account
visual information available in the Wxation after the Wrst
saccade, then it will be aVected by the displacement. Con-
versely if the second saccade is programmed prior to the
execution of the Wrst saccade, then no eVect of the displace-
ment would be found.
The Wrst experiment used both the regression function
analysis and this contingent change methodology. A short
methodological report of some of the data from the no dis-
placement condition has been previously published (Vergi-
lino-Perez & Findlay, 2004).
2. Experiment 1
2.1. Method
2.1.1. Participants
Ten students at the University of Durham participated
in the experiment with informed consent. All had normal or
2206 D. Vergilino-Perez, J.M. Findlay / Vision Research 46 (2006) 2204–2216corrected to normal vision and were naïve in relation to the
purpose of the experiment.
2.1.2. Materials
The stimuli consisted of two lines of six white rings
displayed on a dark grey background. Each ring had adiameter of 1.14 deg and the vertical spacing between the
two edges was 0.18 deg. The horizontal spacing between the
rings was varied to produce the presentation in either a sin-
gle group or three separate groups (see Fig. 1). In the single
group, called the one-object condition, the horizontal spac-
ing between each ring was 0.36 deg. In the three separateFig. 1. (A) Example of the stimuli in one-object and three-objects conditions. (B) Relation between the landing position of the Wrst and the second saccade
(in deg) for the one-object and three-object conditions in the no (ND), opposite (OD) and same (SD) direction displacement. The black squares represent
the position of the three objects on the screen.
A
B
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between each group of four rings was 0.9 deg. Within the
group, the rings abutted. Each ring contained a black capi-
tal letter. On each trial, 11 letters were randomly assigned
to 11 rings. The twelfth letter was either an A or a B and
represented the target for the visual search task. This target
letter appeared with equal probability within each ring
position over the course of an experimental block. The task
was to determine whether the target letter A or B was pres-
ent and the response was given by a button press.
2.1.3. Apparatus
The experiment was controlled by a Philips Pentium III
PC interfaced with a Philips 21B582BH 24 in. monitor and
a Fourward Technologies Dual Purkinje Generation 5.5
eye tracker. The monitor had a P22 phosphor with a decay
rate to zero of less than 1.7 ms. The viewing distance was
70 cm. Viewing was binocular but only the movements of
the right eye were monitored. Eye position was sampled
every millisecond and the resolution of the eye tracker was
10 min of arc. Head movements were restrained with a bite
bar and two forehead rests. At the beginning of the session,
the eye position on the screen was calibrated by requiring
the subjects to Wxate sequentially nine points arranged in a
centrally presented square at a horizontal and vertical ele-
ment-to-element separation of 8.13 deg. Calibration accu-
racy was checked after each experimental trial and if
necessary, a new calibration phase was conducted. The eye
movement data were analysed oV line by a semi-automated
procedure. A computer algorithm detected the saccades
using a velocity criterion and each record was inspected
individually. 5% of the trials in which the initial position
was more than 1 deg from the Wxation cross or in which the
saccades latencies were outside the range 75–800 ms were
rejected from the subsequent analysis.
2.1.4. Procedure
At the beginning of each trial, subjects Wxated a cross
presented 8 deg to the left of the screen centre for 1 s. When
the cross disappeared, the stimuli were displayed at a visual
angle of 4.5 deg to the right of the cross. Subjects were
instructed to move the eyes and search for the target when
the cross disappeared. They responded by pressing the left
or right button. During the primary saccade, the object
could be displaced by 1.5 deg in the same (SD) or in the
opposite (OD) direction to that of the required saccade. A
control condition with no displacement occurred on half
the trials. The displacement took place within a single
frame of the VDU video.
Each subject performed 576 trials in two experimental
sessions of 288 trials each. One session was preceded by 12
training trials.
2.1.5. Design
The design was a 2 £ 3 factorial design, in which the
Type of Object (one- or three-object conditions) and the
Type of Displacement (ND, SD and OD) were within-sub-ject factors. Each subject was exposed to the six conditions.
All conditions were mixed within the experimental session
and items were presented in random order.
2.2. Results
The percentage of correct identiWcations of the target
letter was high (96%) and unaVected by the displacement or
the type of object (Fs < 1).
As expected, the displacement occurring during the Wrst
saccade had no eVect on the properties of this saccade.
Averaged over all the conditions, the primary saccade had a
latency of 147 ms and an amplitude of 6.6 deg with no eVect
of the type of displacement (Fs < 1) and no eVect of the type
of object (F (1, 9) D 1.83, ns, for latency; and F < 1 for ampli-
tude, respectively). The subjects executed more than one
saccade in 92% of the trials, the second saccade being either
regressive or progressive. The displacement induced by the
experimenter aVected the probability of backward sac-
cades: backward saccades increased in the OD condition
(28%) and decreased in the SD condition (3%) compared to
the ND condition (15%) (F (2, 18) D 77.31; p < 0.0005) with
no eVect of the type of object and no interaction (F < 1).
Moreover, in the three-object cases, the second progressive
saccade could be directed to a new object or within the
Wxated object. The proportions of each trial type were,
respectively: ND: 51% and 24%, OD: 34% and 31%, SD:
55% and 38%. The remainder were one-Wxation cases.
2.2.1. The coding of the second between-object or 
within-object saccade
Fig. 1 shows the relationship between Wrst and second
saccade landing position (measured relative to a common
origin that is the central point [coordinates of 0;0] of the
nine calibration points) in the one-object and three-object
conditions. Note that in the three-object condition, analysis
was restricted to the range of saccade sizes that ensure the
saccade takes the eyes from one object to a new one. In the
no or same direction displacement conditions, we required
that the Wrst saccade landed within the contour of the Wrst
object and the second saccade landed within the contour of
the second object. In the OD condition, the displacement
induced a Wrst saccade landing position within the contour
of the second object and the second saccade landing posi-
tion was within the contour of the third object.
When the second saccade was directed within the same
object, the slope of the function plotting second landing
position against Wrst landing position was always close to 1.
This indicates that the second saccade was coded as a Wxed
motor vector applied irrespective of the Wrst saccade land-
ing position. In the displacement conditions, the saccadic
system did not compensate for the Wrst saccade landing
position error to aim for a precise target location on the
second part of the object. In contrast, when the second sac-
cade was directed to a new object, the slope is close to 0.5 in
the no-displacement condition as well as in the opposite
and same direction displacement. This demonstrates that
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on the Wrst saccade landing position in order to aim for the
centre of gravity of the remaining stimulation beyond the
Wrst saccade landing position. The coding of the second sac-
cade was clearly diVerent between the two conditions.1 An
analysis of variance performed on the mean slopes (see
Table 1)2 from each individual’s data revealed an eVect of
the type of object (mean slopes of 0.41 and 0.99 for the
three-object and the one-object conditions, respectively,
F (1, 9) D 50.76; p < 0.0005) with no eVect of the displace-
ment and no interaction (respectively, F (2, 18) D 1.04;
p < 0.37, F < 1).
As shown in Table 1, the mean between-object saccade
amplitude was longer than the mean within-object saccades
amplitude (2.75 deg vs 2.10 deg, F (1, 9) D 34.68; p < 0.0002).
The analysis of variance indicated an eVect of the dis-
placement (ND: 2.3 deg, OD: 2.42 deg and SD: 2.54 deg;
F (2, 18)D 6.60; p < 0.007) and an interaction with the type
of object (F (2,18) D 26.06; p < 0.0005). For the three-object
condition, as the SD displacement introduced during the
primary saccade had induced a landing position closer to
the beginning of the Wrst object, the second saccade ampli-
tude (meanD 2.86 deg) increased in this condition com-
pared to the ND condition (mean D 2.39 deg,
F (1, 9) D 19.11; p < 0.001). The second saccade amplitude
also increased in the OD condition (mean D 3 deg) com-
pared to the ND condition (F (1, 9) D 30.62; p < 0.0004). This
was due to the fact that the displacement led to a primary
saccade landing position on the beginning of the second
object and then the saccadic system increased the amplitude
to land on the third object. In the one-object condition, the
second saccade amplitude was similar in the SD and ND
condition (F < 1) but was reduced in the OD condition
(F (1, 9) D 20.09; p < 0.001). This result replicated that found
by Vergilino and Beauvillain (2000) in a similar experiment
in which the length of letter strings was increased or
decreased during the Wrst saccade or at diVerent delays dur-
ing the Wrst Wxation. It shows that the length change was
1 Note that the same coding of the within-object saccade is found when
the data are selected with the same criteria as the one of the three-object
condition.
2 Note that the slopes presented in Fig. 1 and Table 1 are diVerent. In
Fig. 1, we plotted together all the data from each subject for each condi-
tion and then the slopes are computed from this overall correlation. In Ta-
ble 1, the slopes presented are computed as the average of each
individual’s slope.taken account of in the programming but nevertheless the
regression function analysis shows that the saccade is still
programmed as a Wxed magnitude motor vector rather than
being speciWcally inXuenced by the visual stimulation.
Note that the two diVerent coding options of the second
saccade are associated with diVerent second saccade laten-
cies (Table 1). Between-object saccades latencies were
longer than those of within-object saccades (204 ms vs
178 ms, respectively, F (1,9) D 17.77; p < 0.002). One could
argue that the Wxed motor vector found for the within-
object saccades was due to a lack of time available to
update the motor plan relative to the visual information
available after the primary saccade. However, an analysis in
which we subdivided the data as a function of the median
of the second saccade latency revealed a slope close to 1 for
within-object saccade triggered after either short or long
latency (Fig. 2).
The displacement introduced during the primary sac-
cade had a clear eVect on the second saccade latencies (ND:
189 ms, OD: 220 ms and SD: 162 ms; F (2,18) D 28.82;
p < 0.0005) and interacted with the type of object
(F (2, 18) D 7.20; p < 0.005). The backward displacement
induced an increase of the second saccade latencies com-
pared to the no displacement condition for between- and
within-object saccades (F (1, 9)D 12.73; p < 0.006 and
F (1,9) D 7.82; p < 0.02, respectively) whereas the onward
displacement induced a decrease of the second saccade
latencies compared to the no displacement condition for
both types of saccade (F (1, 9) D 16.35; p < 0.002 and
F (1,9) D 53.23; p < 0.0005, respectively). Such eVects may be
explained by consideration of the visual pattern arising
after the end of the Wrst saccade (Vergilino-Perez & Find-
lay, 2003). In particular, it is interesting to note that the
increase of the second saccade latencies in the OD condi-
tion can be explained by the reprogramming of the within-
object saccades in this condition.
2.3. Discussion
In this experiment, backward or onward displacements
of the target were introduced during the primary saccade,
resulting a landing position relative to target that was far-
ther or nearer that planned. We examined the eVect of this
displacement on the second saccade. When the second sac-
cade aims for a new object, we show that the saccadic sys-
tem compensates for the error on the Wrst saccade landingTable 1
Mean latency (ms), mean amplitude of second saccades (deg) and mean slope and individual range of the relationship between the Wrst and the second sac-
cade landing position obtained in the no (ND), same (SD) and opposite (OD) direction displacement conditions for three- and one-object conditions
Standard deviations are given in parentheses.
One-object condition Three-object condition
ND OD SD ND OD SD
Latency 2nd sac 185 (34) 196 (39) 152 (26) 194 (42) 245 (72) 172 (38)
Amplitude 2nd sac 2.21(0.26) 1.85 (0.31) 2.23 (0.30) 2.39 (0.25) 3 (0.36) 2.86 (0.40)
LP1/LP2 regression slope 0.99 (0.20) 0.90 (0.22) 1.08 (0.62) 0.33 (0.21) 0.38 (0.36) 0.52 (0.20)
Range 0.6/1.3 0.6/1.3 0/1.9 ¡0.1/0.6 0/0.9 0.1/0.7
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codes the between-object saccade in a retina-centred refer-
ence frame in which the second target position is encoded
before the Wrst saccade and updates it relative to the retinal
and extraretinal signals resulting from the Wrst eye displace-
ment. The second saccade is then computed on the basis of
this derived representation.
Interestingly, the saccades within objects appeared to
neglect the retinal and extraretinal signals related to the
Wrst saccade landing position in the object, as they did not
show compensation for the landing position error. Rather,
the saccades are coded in an oculo-centric reference frame,
as a Wxed motor vector applied wherever the Wrst saccade
lands. The eye movement system appears to generate amotor representation, derived from the object size, before
the execution of the primary saccade on the object and
maintains the movement representation until the triggering
of the second saccade. Such a two-saccade sequence consti-
tutes units of motor action memorized before execution
and executed as a whole (Ditterich et al., 1998; InhoV, 1986;
Vergilino & Beauvillain, 2000; Viviani, 1990; Zingale &
Kowler, 1987).
These Wrst results indicate that the sensorimotor trans-
formation process operates with diVerent coding of the sac-
cades depending on whether the second saccade target is
the same object or a new object. Hence they replicate the
Wndings in experiments with isolated words (Beauvillain
et al., 2005; Vergilino & Beauvillain, 2001). In the secondFig. 2. Relation between the landing position of the Wrst and the second saccade (in deg) for the one-object condition in the (A) no (ND), (B) opposite
(OD) and (C) same (SD) direction displacement. The data are separated relative to the median of the second saccade latency for each condition.
A
B
C
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saccades when the objects are displayed in diVerent orienta-
tions and positions in the visual Weld, in order to examine
whether the speciWc coding of the saccades represents a fun-
damental feature of the saccadic system.
3. Experiment 2
3.1. Method
3.1.1. Participants
Participants were eight students at the University of
Durham with normal or corrected-to-normal vision. All
were naïve in relation to the purpose of the experiment and
two participants took part in the Wrst experiment.
3.1.2. Materials
The stimuli were similar to those of Experiment 1. Each
ring had a diameter of 0.80 deg and the vertical spacing
between the two edges was 0.13 deg. In the one-object con-
dition, the horizontal spacing between each ring was 0.24
deg. In the three-object condition, the horizontal spacing
between each group of four rings was 0.61 deg.
3.1.3. Apparatus
The apparatus was similar to that of Experiment 1,
except for two points. First, the viewing distance was
100 cm. Second, the nine calibration points were arranged
in a centrally presented rectangle at a horizontal element-
to-element separation of 10.20 deg and a vertical element-
to-element separation of 7.46 deg.
3.1.4. Procedure
At the beginning of each trial, subjects Wxated a cross
presented on the screen centre for 1 s (0 deg on the X axis
and 0.95 deg on the Y axis). Subjects were instructed to
move the eyes and search for the target when the cross dis-
appeared and the display appeared. They responded by
pressing the left or right button. The objects could be dis-
played in the left or right visual Weld with an orientation
that could be horizontal (H), oblique in downward (OD) or
upward direction (OU), vertical in downward (VD) or
upward (VU) direction3 (see Fig. 3). The stimuli were con-
structed in such a way that the middle of the near edge of
the two lines of six rings was aligned horizontally and verti-
cally with the Wxation cross. On this alignment, the imagi-
nary point A on the left edge of the stimuli had an
eccentricity of 3.19 deg and was used to rotate the objects in
the oblique and vertical directions. The letter orientation
within the rings always remained vertical.
3 Tangential conditions in which the objects were presented vertically
with the object middle centred on the Wxation point were initially added in
the experiment. However, due to the lack of data in these conditions, they
were not included in the analyses.Each subject performed 960 trials in four experimental
sessions of 240 trials each. One session was preceded by 20
training trials.
3.1.5. Design
The design was a 2 £ 2 £ 5 factorial design, in which the
Type of Object (one- or three-object conditions), the Posi-
tion (left or right visual Weld) and the Orientation (H, OD,
OU, VD and VU) were within-subject factors. Each subject
was exposed to the 20 conditions. All conditions were
mixed within the experimental session and items were pre-
sented in random order.
3.2. Results
Eight percent of the trials in which the initial position
was more than 1 deg from the Wxation cross or in which the
saccades latencies were outside the range 75–800 ms were
rejected from the subsequent analysis. As in Experiment 1,
the probability that subjects identiWed the target letter was
high (98.3%). Analysis of variance on the overall percentage
of correct responses revealed a main eVect of the type of
object, the percentage of correct identiWcation being only
slightly higher in the three-object condition than in the one-
object condition (98.5% vs 98%; F (1–7) D 7.64, p < 0.02).
In this experiment, the majority of the data of interest
concerned cases in which the second saccade was progres-
sive and landed on the object for the one-object condition
(66% of the data) and on a new object for the three-object
condition (40% of the data). The remaining data were cases
in which the Wrst or the second saccade landed outside the
boundary of the objects (11.5%), or cases in which subjects
executed only one saccade (9.5%), a backward saccade
(9.5%), or a within-object saccade in the three-object condi-
tions (34%).
Fig. 3. (A) Schematic representation of the three objects presented on the
horizontal axis in the right visual Weld. The point A was used to rotate the
stimuli for the oblique and vertical conditions. (B) Schematic representa-
tion of the diVerent orientations used in Experiment 2. The objects could
be displayed on the left or right visual Weld with an orientation horizontal,
oblique or vertical in downward or upward direction.
A
B
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size in the three-object and one-object conditions, the anal-
ysis being done on all the second progressive saccades. The
comparison of the distributions clearly shows diVerent sac-
cade size between the three- and the one-object conditions.
In the former condition, the distribution shows a greater
spread than in the latter one (Hartley’s Fmax D 4.27,
p < 0.01). The variability of the saccade size in the three-
object condition can be explained by the occurrence of both
between-object saccades and within-object saccade as all
the second progressive saccades are taken in these analyses.
However, the important point here is that with the same
selection of data, the distribution of saccade size in the one-
object condition is narrowed. This Wrst analysis reinforces
the idea that planning of the second saccade takes account
of the object structure and the within-object saccade is
coded as a Wxed motor vector whatever the object orienta-
tion and position on the visual Weld.
However, only the analyses involving a comparison
between the within-object saccades in the one-object con-
dition and the between-object saccades in the three-object
condition can reveal a diVerence in the saccadic coding.
Fig. 4. Second saccade size (in deg) for the one-object and three-object
conditions for objects presented horizontally, obliquely or vertically
upwards and downwards in the left or right visual Weld. The analysis was
done over all second progressive saccades.Fig. 5 gives a schematic representation of the mean land-
ing positions of the Wrst and the second saccade in these
cases. Note that the direction of the second saccade on
average closely matches the direction of the stimulus
elongation.
As shown in Table 2, the mean latencies and amplitudes
of the primary saccade are similar over all the experimental
conditions. The analyses of variance performed on the
mean Wrst saccade latencies and amplitudes only revealed
an eVect of the object’s orientation (H: lat: 170 ms and amp:
4.6 deg; OD: lat: 173 ms and amp: 4.1 deg; OU: lat: 176 ms
and amp: 4.3 deg; VD: lat: 176 ms and amp: 3.1 deg; VU:
lat: 180 ms and amp: 3.3 deg; F (4, 28) D 4.87; p < 0.004;
F (4, 28) D 33.59; p < 0.0005 for latency and amplitude,
respectively) that interacted with the position on the left or
right visual Weld (F (4, 28) D 3.75; p < 0.01; F (4, 28) D 4.60;
p < 0.005 for latency and amplitude, respectively). The Wrst
saccade’s latency was longer when the saccades were
directed to the left visual Weld compared to the right visual
Weld for objects presented horizontally (175 ms vs 166 ms;
F (1, 7) D 4.59; p < 0.06) or vertically upwards (184 ms vs
175 ms; F (1, 7) D 5.58; p < 0.04). The Wrst saccade’s ampli-
tude directed to the left visual Weld was greater than the one
directed to the right visual Weld only for oblique objects
presented upwards (4.4 deg vs 4.1 deg; F (1,7) D 5.09;
p < 0.05).
3.2.1. The coding of the second between-object or within-
object saccade
Of interest here is the regression function between Wrst
and second saccade landing position which reveals how the
second saccade is coded. Fig. 6 plots these regression func-
tions and clearly indicates two diVerent patterns depending
on whether the second saccade was directed to a new object
or within the single long object.
Fig. 5. Schematic representation of the Wrst and second saccade landing
position on the horizontal and vertical axis. The analysis was done over all
second progressive between-objects saccades on the three-object condi-
tions and over all second progressive saccades on the one-object
conditions.
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slopes are close to 0.5 indicating that the second saccades to
a large extent compensate for the Wrst saccade to aim for
the centre of gravity of the remaining stimulation. This sug-
gests that the second saccade was updated after the Wrst
saccade on the basis of the retinal positions of the objects.
For the second saccade directed within a single object, the
slopes close to 1 obtained in each condition reveal that the
second saccade was not updated on the basis of the Wrst
saccade but coded as a Wxed motor vector applied irrespec-
tive of the Wrst saccade’s landing position. The analysis of
variance performed on the slopes from each individual’s
data (mean slope and individual range given in Table 2)
revealed an eVect of the type of object (mean slopes of 0.51
and 1.01 for the three-object and the one-object conditions,
respectively, F (1, 7) D 423.27; p < 0.0005), with no eVect of
the position (F < 1) and no eVect of the orientation
(F (4, 28) D 1.97; p < 0.12). None of the interactions were sig-niWcant (Fs < 1). These results demonstrate that the two
diVerent codings of the between-object and within-object
saccades can be generalized to saccades performed in sev-
eral directions to the left or to the right visual Weld.
Like in the Wrst experiment, the two speciWc codings of
the second saccade were associated with diVerent second
saccade latencies and amplitudes. As shown in Table 2, the
second saccade latency and the second saccade amplitude
were both larger when the saccade was directed to a new
object than within the same object (277 ms vs 263 ms,
F (1,7) D 14.32; p < 0.006 and 2.09 deg vs 1.44 deg,
F (1,7) D 97.77; p < 0.0005, respectively). Note that the anal-
ysis of variance performed on the mean second saccade
amplitude did not reveal any eVect of the object position or
orientation (F < 1 and F (4, 28) D 1.28, both ns). The analysis
of variance performed on the mean second saccade laten-
cies indicated an eVect of the object position as the latencies
were longer when the objects were presented in the left partTable 2
Mean latency (ms), mean amplitude (deg) of the Wrst and second saccade, mean second saccade angle (deg) and mean slope and individual range of the
relationship between the Wrst and the second saccade landing position for within-object saccades in the one-object and between-object saccades in the
three-object conditions
The angle is deWned using the standard mathematical convention where zero degrees is on the right horizontal axis and all angles are measured in an anti-
clockwise direction with respect to this axis. The objects could be displayed on the left of right visual Weld with an orientation horizontal (H), oblique in
downward (OD) or upward direction (OU), vertical in downward (VD) or upward (VU) direction. Standard deviations are given in parentheses.
LVF RVF
H OD OU VD VU H OD OU VD VU
One-object condition
Latency 1st sac 171 175 181 176 181 167 173 175 175 178
(12) (12) (16) (12) (12) (11) (11) (15) (9) (15)
Amplitude 1st sac 4.83 4.09 4.50 3.11 3.16 4.55 4.05 4.09 3.14 3.44
(0.43) (0.32) (0.84) (0.24) (0.25) (0.35) (0.23) (0.60) (0.12) (0.52)
Latency 2nd sac 281 264 236 252 210 244 238 197 246 192
(56) (38) (36) (38) (37) (49) (42) (42) (35) (30)
Amplitude 2nd sac 1.45 1.65 1.24 1.43 1.39 1.58 1.58 1.30 1.48 1.27
(0.26) (0.24) (0.28) (0.24) (0.31) (0.22) (0.17) (0.25) (0.22) (0.31)
Angle 2nd sac 173.60 225.91 117.41 260.19 98.61 5.38 322.26 46.52 283.30 74.98
(21.25) (29.94) (31.64) (24.68) (19.05) (20.19) (14.23) (20.25) (21.39) (22.93)
LP1/ LP2 regression slope range 1.08 0.97 0.99 1 0.94 0.94 1.02 1.03 1.07 1.02
(0.17) (0.22) (0.18) (0.13) (0.16) (0.12) (0.26) (0.21) (0.19) (0.22)
Range 0.9/1.4 0.7/1.3 0.6/1.2 0.8/1.2 0.8/1.2 0.8/1.1 0.6/1.4 0.7/1.3 0.8/1.3 0.7/1.3
Three-object condition
Latency 1st sac 178 172 175 174 187 165 172 174 177 172
(15) (13) (17) (12) (11) (12) (10) (20) (8) (11)
Amplitude 1st sac 4.59 4.05 4.39 3.14 3.29 4.49 4.05 4.12 3.16 3.47
(0.25) (0.21) (0.72) (0.38) (0.32) (0.27) (0.14) (0.53) (0.16) (0.54)
Latency 2nd sac 297 281 282 287 290 286 271 238 293 243
(55) (69) (77) (56) (56) (59) (51) (73) (61) (79)
Amplitude 2nd sac 1.82 2.20 2.09 2.07 2.07 2.22 1.99 2.16 2.20 2.10
(0.37) (0.39) (0.21) (0.34) (0.45) (0.21) (0.15) (0.22) (0.32) (0.58)
Angle 2nd sac 178.45 221.28 135.88 266.55 95.03 ¡1.06 322.88 39.99 275.46 81.14
(12.34) (10.71) (15.09) (11.61) (13.10) (11.26) (10.32) (10.01) (11.94) (12.96)
LP1/ LP2 regression slope 0.5 0.63 0.49 0.46 0.47 0.57 0.61 0.57 0.44 0.39
(0.19) (0.12) (0.34) (0.37) (0.24) (0.17) (0.12) (0.15) (0.20) (0.31)
Range 0.3/0.8 0.4/0.7 0/1 0.1/0.8 0/0.8 0.1/0.8 0.3/0.7 0.3/0.8 0.1/0.7 0/0.7
D. Vergilino-Perez, J.M. Findlay / Vision Research 46 (2006) 2204–2216 2213Fig. 6. Relation between the landing position of the Wrst and the second saccade (in deg) for the one-object and three-object conditions for objects pre-
sented horizontally, obliquely or vertically upwards and downwards in the left or right visual Weld.
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respectively, F (1, 7) D 9.21; p < 0.01). The eVect of the object
orientation was also signiWcant (H: 277 ms; OD: 264 ms;
OU: 238 ms; VD: 270 ms; VU: 234 ms, (F (4, 28) D 4.86;
p < 0.004) and interacted with the type of object
(F (4, 28) D 2.91; p < 0.03)). The orientation of the object
showed only a weak (and non-signiWcant) eVect on the sec-
ond saccade latencies in the three-object condition
(F (4, 28) D 1.73; p < 0.17) but had a much stronger eVect in
the one-object condition (F (4, 28) D 8.55; p < 0.0001). The
second within-object saccade latencies were shorter when
the saccades were directed to an oblique or vertical object
presented upwards compared to other conditions
(F (1, 7) D 6.73; p < 0.03; F (1,7) D 18.59; p < 0.003, respec-
tively).
3.3. Discussion
In this experiment, we examined the coding of the
between-object and within-object saccades for objects
presented in several orientations in the left and right
visual Weld. We found that whatever the orientation and
the position of the object in the visual Weld, the coding of
a within-object saccade diVered from that of a between-
object saccade.4 Indeed, the analysis of the relationship
between the landing position of the Wrst and the second
saccade indicates that the between-object saccade is
coded in a retinocentric reference frame in which the
motor vector of the second saccade is updated after the
Wrst saccade relative to the new eye position to aim for
the new selected object. On the other hand, the within-
object saccade is coded in a motor frame of reference as a
Wxed magnitude motor vector applied wherever the land-
ing position of the preceding saccade. Interestingly, the
use of diVerent reference frames is extended here for sac-
cades performed in diVerent directions—i.e., horizontal,
vertical and oblique. As found in the Wrst experiment, the
diVerence between the two codings is associated with
diVerent second saccade latency, the within-object sac-
cade latencies being shorter than the between-object ones.
This suggests that the updating processing involved in the
planning of the between-object saccade is a time-consum-
ing process.
4. General discussion
A major brain function is the manipulation of spatial
information. Much of what we do involves extracting
4 Our interpretation is that the diVerences in saccade programming re-
late to the object structure of the display. As has been pointed out by a ref-
eree, it is possible that the diVerences are caused by a further variable that
co-varies with object structure. For example, perceptual segmentation of
the individual circles would be better in the between-object condition and
it possible that this better segmentation aVects saccade planning. We ac-
knowledge the possibility that the diVerences in segmentation might cause
the diVerences in saccade programming.spatial information from sensory inputs and then using
that spatial information to direct a motor response. The
majority of studies examining the sensorimotor transfor-
mation involved in saccade planning has focused on sim-
ple targets like short duration dots (Hallett & Lightstone,
1976a, 1976b). In these studies, the saccadic behaviour
always appears to be to aim for a speciWc target position,
although this may be integrated from an extended spatial
region (Findlay, 1982). In the present work, by contrast-
ing the nature of the action to be performed by the move-
ment—to move to a new object or to explore the current
one with a second saccade—we demonstrate that the spa-
tial information relevant for saccades may use diVerent
reference frames dependent the action. When the saccade
is a scanning saccade within an object, it is coded in an
oculo-centric reference frame as a Wxed magnitude motor
vector based on the object size and applied irrespective of
the landing position of the preceding saccade. When the
saccade aims for a new object, it is coded in a retinocen-
tric frame of reference. It takes into account the landing
position of the previous saccade and appears to be pro-
grammed on the basis of the new visual stimulation to be
aimed at a landing position corresponding roughly to the
centre of gravity of the remaining stimulation. The use of
diVerent reference frames involves the use of diVerent
properties of the object. Whereas the between-object sac-
cade is computed relative to the object location, the
within-object movement appears to be calculated from
the size of the object. Our results substantially replicate
previous studies with isolated words (Beauvillain et al.,
2005; Vergilino & Beauvillain, 2000, 2001). The fact that
diVerent coding of saccades was found for saccades exe-
cuted in vertical, oblique and horizontal directions in the
left and right visual Weld strengthens the idea that the
within-object and between-object saccade distinction is an
essential feature of the planning of eye scanning. This
work provides additional evidence about how the sacc-
adic system explores visual space, revealing how visual
segmentation processes aVect saccade control. In any par-
ticular trial of our experiments, the nature of the displace-
ment and the type of display presented were always
unpredictable. Hence the diVerent programming for the
two display types would appear to be intrinsic, rather
than resulting from some strategic high-level adjustment.
We recognise of course that saccade programming can
also be inXuenced by high-level strategies.
Interestingly, our results also provide new evidence
concerning the parallel planning of a two-saccade
sequence. Indeed, the fact that the within-object saccade is
not updated after the Wrst saccade relative to new eye
position on the object suggests that the two saccades—i.e.,
the Wrst saccade directed to the object and the subsequent
within-object saccade—constitute an entire unit planned
before the Wrst saccade and executed as a whole (Ditterich
et al., 1998; InhoV, 1986; Zingale & Kowler, 1987).
Then, the oculo-centric representation should be sup-
ported by a non-visual motor memory maintaining the
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studies have been used to argue that processing for the
second saccade begins before the execution of the Wrst
saccade on the basis of reduced, and often extremely
short, intersaccadic intervals (Becker & Jürgens, 1979;
Caspi et al., 2004; Findlay et al., 2001; McPeek et al.,
2000). This form of parallel processing appears well-estab-
lished as a form of concurrent processing of saccades to
two alternative goals: even if the programming of the Wrst
saccade has begun, the programming of the second sac-
cade is occurring in parallel and can be released without
delay if new information implies a change in the selection
of the saccade target. Extremely brief intersaccadic inter-
vals were almost never found in our study. Even though
we found that the second within-object saccade latencies
were longer than the second between-object saccade laten-
cies, the range of latencies stayed close to that found in
similar visual search tasks. Here, the saccadic parallel
planning does not appear to mean a concurrent and over-
lapping processing of saccades. Rather, it clearly depends
on the object visual structure obtained in parafoveal
vision and on the action to be performed on the object.
Even though our data suggest that a second within-object
saccade is preplanned before the Wrst saccade, one Wnding
shows that its motor plan is not totally determined. In the
Wrst experiment, we showed an increase of the percentage
of backward saccades when the object was displaced dur-
ing the Wrst saccade in the opposite direction to that
saccade. This shows that the initial motor plan of the
within-object saccade may be subject to cancellation or to
modiWcation during the Wrst Wxation on the object (Vergi-
lino-Perez & Beauvillain, 2004).
The fundamental point that emerges here is the impor-
tance of the target selection processes on the saccadic sen-
sorimotor transformations. When two saccades are planned
toward a single object, a single target is selected within the
object and the amplitude of the second saccade is indepen-
dent of the endpoint of the Wrst saccade. On the other hand,
in the planning of two saccades toward two objects, the
endpoint of each saccade is determined with reference to
the speciWc target selected for the movements. A new target
location is selected for each object. In studies of covert
visual attention, the importance of object structure is
widely acknowledged (Egly, Driver, & Rafal, 1994; Roelf-
sema, Lamme, & Spekreijse, 1998). Our results demonstrate
that the distinction is also very important in the deploy-
ment of overt attention with saccades.
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